Background and objectives The Agency for Healthcare and Research Quality patient safety indicators track adverse safety events in hospitalized patients but overlook safety incidents specific to CKD. This study considers candidate CKD-pertinent patient safety indicators and compares them with the Agency for Healthcare and Research Quality patient safety indicators.
Introduction
Reduction of medical errors is an important objective in health care, and various classifications have been developed to identify preventable hospital-based adverse safety events. The Agency for Healthcare and Research Quality (AHRQ) patient safety indicators (PSIs) (1) track patient safety events across hospitals, demographic groups, and disease populations (2) (3) (4) (5) . Adverse safety events detected with AHRQ PSIs are more common in patients with predialysis CKD than patients without CKD (6) . Despite the more frequent occurrence of AHRQ PSIs in CKD, these indicators disproportionately identify procedural and surgical errors in the general hospital population, while potentially overlooking adverse safety events common to the medical care of CKD (7, 8) .
Our objective was to identify a set of candidate CKD-pertinent PSIs and contrast their incidence in hospitalized patients with impaired renal function with their incidence in those hospitalized patients with normal renal function. In the same population, we also compared the frequency of the candidate CKD PSIs with previously determined AHRQ PSIs to show the preponderance of disease-specific versus general indicators and how the latter fail to identify patients at risk for CKD-pertinent adverse safety events.
Materials and Methods

Study Design
This study was a retrospective observational study of national Veterans Health Administration (VHA) data from fiscal year (FY) 2005.
Setting and Data Sources
The study dataset was derived from the national VHA acute inpatient data file and linked to outpatient laboratory data for the veterans with at least one hospitalization. The source data files included the Patient Treatment File (PTF), the Outpatient Care File (OPC), and the Decision Support System (DSS) Laboratory Result files (9,10). The cohort was described previously (6, 7) and has been deemed exempt by the University of Maryland, Baltimore Institutional Review Board and the Baltimore Veterans Affairs Research and Development Committee.
Participants
The study population included veterans with an acute care hospitalization during FY 2005, complete demographic data (age, sex, and race), and an outpatient serum creatinine measured from between 1 week and 1 year before first admission of the study year. Estimated GFR (eGFR) was calculated from the creatinine value closest to the first hospital admission using the four-component Modification of Diet in Renal Disease (MDRD) Equation, which was the standard for electronic and automated reporting at that time. Eligibility in the impaired renal function group (hereafter designated as the CKD group) was limited to those individuals and their associated first hospitalizations where the antecedent eGFR was ,60 ml/min per 1.73 m 2 . Participants were excluded if there was a diagnosis of ESRD, solid organ transplant, or dialysis-related clinic visit. The remaining patients who had an eGFR$60 ml/min per 1.73 m 2 before hospitalization were assigned to the non-CKD group. Only the first hospitalization for each participant was included to avoid the inclusion of hospitalizations that could be the consequence of an adverse safety event occurring in the index hospitalization. We excluded those hospitalizations occurring in nonacute care facilities according to previously described methods (3).
PSIs
We included a set of candidate CKD-specific PSIs conceived as part of the preparatory phase of the Safe Kidney Care (SKC) cohort study (ClinicalTrials.gov NCT-01407367) when community and academic nephrologists were surveyed to identify and rank important diseasespecific safety indicators. The survey responses were reviewed, prioritized, and endorsed by an expert consensus panel convened to establish candidate CKD PSIs. From these proceedings, 12 CKD PSIs related to in-hospital incidents were developed based on International Classification of Diseases, Ninth Revision (ICD-9) codes, their pertinence to the processes of care common in CKD, and their potential to identify individuals at risk for an adverse safety event.
The candidate CKD PSIs include in-hospital acute kidney failure (ICD-9 code 584); in-hospital congestive heart failure (ICD-9 code 428.x); fluid overload (ICD-9 code 276.6); acute edema of lung, unspecified (ICD-9 code 518.4); hypoglycemia (ICD-9 code 251.x); hyperkalemia (ICD-9 code 276.7); hypokalemia (ICD-9 code 276.8); hypernatremia (ICD-9 code 276.0); hyponatremia (ICD-9 code 276.1); hypercalcemia (ICD-9 code 275.42); hypocalcemia (ICD-9 code 275.41); hypophosphatemia (ICD-9 code 275.3); electrolyte disturbances (ICD-9 code 276.x, excluding hyperkalemia, hypokalemia, hyponatremia, and hypernatremia); and medication errors, poisoning, and intoxication (ICD-9 codes 960.xx-979.x,x E850.x-E858.x, E870.x-E876.x, and E930.x-E949.x).
To attempt to differentiate between events that were iatrogenic and events that were the consequence of the disease (e.g., congestive heart failure after a myocardial infarction), we used secondary diagnosis codes that target in-hospital events more closely associated with adverse safety events rather than the primary diagnoses, which typically code admitting diagnoses. We then developed two sets of exclusion criteria to eliminate hospitalizations from consideration for a PSI. The first set of exclusion criteria (Supplemental Appendix 1) accounted for disorders that may lead to acute kidney failure. This exclusion criterion was used for the acute kidney failure (hereafter referred to as AKI PSI) as well as the PSIs for metabolic/electrolyte disturbances cited above (e.g., sepsis preceding AKI and metabolic disturbances). The second set of exclusion criteria (Supplemental Appendix 2) was developed to account for cardiovascular disorders that may lead to congestive heart failure (CHF) and only applied to the CHF PSI (e.g., myocardial infarction preceding CHF).
For comparison with the CKD PSIs, we used previously determined incidence rates for 16 AHRQ PSIs adapted in prior analyses of this cohort (6, 7) . Development of these AHRQ PSIs and methods for estimating their incidence rates have been previously described (1). The publicly available software AHRQ-PSI 3.0a (1) identified eligible hospitalizations and determined the occurrence of each AHRQ PSI with necessary modifications required for the data structure and study population.
Covariates
Demographic characteristics include sex, age at hospitalization, race (black or other), and length of stay. The Charlson Comorbidity Index (CCI) was used as a measure of comorbidity, excluding diabetes and cardiovascular and kidney diseases, which were considered separate covariates. Patients were classified into CKD stages 3a, 3b, and 4/5 (eGFR values of 45-59, 30-44, and ,29 ml/min per 1.73 m 2 , respectively).
Statistical Methods
Continuous variables were reported with mean 6 SD, and comparisons across groups used t test or ANOVA. Categorical variables were expressed with N (%), and comparisons across groups were made using the chi-squared test. Rates of PSI were expressed as the number of events per 1000 person-hospitalizations at risk for each particular PSI. With the AHRQ PSIs, only hospitalizations determined at risk for a specific PSI were included in that rate determination. For example, only surgical discharges were eligible for the AHRQ PSI postoperative hip fracture. All hospitalizations were eligible for each CKD PSI unless the primary ICD-9 code presented a plausible explanation for the secondary incident and associated diagnostic code (Supplemental Appendices 1 and 2).
Adjusted rates for the CKD or AHRQ PSIs were determined using Poisson regression with CKD status set as the predictor variable and total count of CKD and AHRQ PSIs designated as the response variable in their respective models. Additional covariates in the models are outlined above, with two-way interactions between the CKD status and each of the other covariates also included. Length of stay was not included in the determination of risk factors predictive of a CKD PSI or to define risk strata for comparing odds of CKD versus AHRQ PSIs (Figure 1 ), because length of stay was a potential consequence of a safety event rather than a cause. To account for the fact that patients may be at risk for different CKD or AHRQ PSI incidents during a hospitalization, we defined the effective exposure for each of the combined CKD and AHRQ PSIs as the total number of PSIs that each participant was at risk for divided by the total number of possible CKD PSIs or total number of possible AHRQ PSIs, respectively. We then used the logarithm transformation of the effective exposure as an offset variable in the Poisson regression models. Where individual strata-adjusted PSI rates were reported, all other covariates were set at the population mean for that factor. All rates for CKD and AHRQ PSIs were expressed for both CKD and non-CKD groups.
A logistic regression model determined key risk factors for the occurrence of one or more candidate CKD PSIs in the CKD group. The four significant predictors of CKD PSI included age$75 years, comorbid cardiovascular disease, CCI$4, and eGFR,30 ml/min per 1.73 m 2 . These predictors were used to construct risk strata to exhibit the differential odds of CKD versus AHRQ PSIs. The odds ratios of CKD and AHRQ PSIs were used to compute the prevalence ratios of the former versus the latter in each risk strata. Analyses were performed using SAS 9.2 (SAS Institute Inc., Cary, NC).
Results
Veterans with acute hospitalizations (247,160) during the study year were in the cohort. Table 1 presents the demographic characteristics of the CKD versus non-CKD groups. CKD patients were more likely to be men, be nonblack race, be older, and have a higher level of comorbidity (higher CCI score). They were also more likely to have cancer and cardiovascular disease with longer hospitalizations. Table 2 lists the candidate CKD and AHRQ PSIs, the counts of hospitalizations, the crude rates (per 1000 patienthospitalizations) of each, and the associated rate ratio of each PSI in the CKD versus non-CKD group. Candidate CKD PSIs tended to be more common in the CKD than the non-CKD group, except for hypoglycemia, which was not significantly different between the two groups, and hypokalemia and hyponatremia, which were more common in the non-CKD group. CKD PSIs were generally more frequent than AHRQ PSIs in both the CKD and non-CKD groups. The most common CKD PSI in the CKD group was CHF, and the least common CKD PSI was hypoglycemia. Among patients in the CKD group, failure to rescue was the most common AHRQ PSI, and it was of comparable frequency with the three most common CKD PSIs: CHF, AKI, and electrolyte disturbances. Among non-CKD patients, the AHRQ PSI failure to rescue was more common than all the CKD PSIs in that group, but AKI, CHF, hypokalemia, hyponatremia, electrolyte disturbances, and medication errors occurred more commonly than all other AHRQ PSIs listed. Table 3 presents the count and demographic characteristics of participants in each PSI category. A significantly greater proportion of participants with or without CKD experienced a CKD PSI alone versus an AHRQ PSI only. The proportion of patients with both a CKD PSI and an AHRQ PSI was also low and comparable with the number with an AHRQ PSI alone. Veterans experiencing only a CKD PSI had a higher mean age, were less likely to be black than those veterans with only an AHRQ PSI, and were also more likely to have a higher CCI with diabetes and cardiovascular disease as comorbidities. Those patients with a CKD PSI were less likely to have cancer, advanced stage CKD before hospitalization, or prolonged hospitalization than patients with an AHRQ PSI. Estimates of the prevalence ratio of CKD PSI relative to AHRQ PSI are depicted by plotted points, and bars represent 95% confidence intervals. Sample sizes for groups 0-4 are n=10,273, n=18,865, n=23,019, n=15,514, and n=2301, respectively. OR, odds ratio. Table 4 reports adjusted rates of ever having any CKD PSIs or AHRQ PSIs for both the CKD group by stage and the non-CKD group in each demographic and case mix strata. The rate of CKD PSI increased with age in the non-CKD group but did not do so consistently within stages of the CKD population. The tendency to increasing frequency of CKD PSIs was observed across CCI and diabetes status for all groups. Cancer affected the incidence rate CKD PSIs in all groups, except those groups with stage 4 or 5 CKD. Patients with cardiovascular disease and longer length of stay for their hospitalization had higher rates of CKD PSIs relative to their counterparts without cardiovascular disease or with shorter length of stay. The adjusted AHRQ PSI rates also increased across increasing comorbidity strata in both the non-CKD and CKD stage groups along with length of stay in the hospital. Figure 1 presents the odds of experiencing CKD or AHRQ PSIs only versus no PSIs across strata identified by the cumulative number of risk factors for CKD PSI occurrence versus no such risk factors. Although both sets of odds ratios increase with the increment in risk factors, the magnitude of increased odds was greater in the CKD PSIs than the AHRQ PSIs. In the presence of all four risk factors, the odds of individuals with a CKD PSI were 4.3 times greater than the odds of individuals with none of those factors, whereas the odds of individuals with an AHRQ PSI were 2.3 times greater than the odds of individuals without risk factors. The prevalence ratio in each of the risk strata shows significantly higher frequency of CKD PSIs relative to AHRQ PSIs, with the prevalence ratio of CKD to AHRQ PSIs of 23.4 (95% confidence interval, 21.9 to 25.0) across the entire cohort.
Discussion
Using administrative data from hospitalized patients, we show a significant incidence of several candidate CKD PSIs Excludes hyperkalemia, hypokalemia, hypernatremia, and hyponatremia. Race Black in patients with prehospitalization impaired renal function and reveal that hospitalized patients classified with a CKD PSI were distinct from those patients identified with an AHRQ PSI. The frequency of the CKD-specific PSIs was higher than the frequency of AHRQ PSIs across the entire population, in CKD and non-CKD subgroups, and within key case mix subgroups. All CKD PSIs were more common in patients with impaired renal function, except for hypoglycemia, hypokalemia, and hypernatremia, suggesting that the latter indicators may not be specific to the care of patients with CKD. Although CKD PSIs along with AHRQ PSIs are, at most, crude proxies for processes of care that lead to adverse safety events, they can serve as useful tools to localize high-risk patient groups warranting closer examination for the incidence of verifiable adverse safety events. We anticipate that patients identified by the CKD PSIs are at high risk for adverse safety events pertinent to CKD care (except for the subset of indicators that was not specific to CKD) as opposed to those patients experiencing an AHRQ PSI, who are at risk for one of the more general processes of care (e.g., procedures). This result needs to be confirmed with more detailed evaluations of patient hospital records.
Since the release of the Institute of Medicine report entitled "To Err is Human: Building a Safer Health System" (11), various entities have established standards to evaluate patient safety events in the hospital setting (12,13). The approach formulated by the AHRQ was based on consensus proceedings intended to develop safety indicators from ICD-9 discharge codes and enable examination of safety events across hospitals or health networks (1). The AHRQ PSIs and ICD-9-derived indicators to monitor safety in hospitalized patients have been evaluated with mixed effectiveness in detecting target adverse safety events (14) (15) (16) (17) . An alternative approach to measuring adverse safety events uses the Institute for Healthcare Improvement Trigger Tool to scan hospitalization records and identify triggers that might lead to an adverse safety event. This method is an effective means to tag a set of charts for review for adverse safety events from a larger population of hospitalizations or patients (18) (19) (20) . The value of the candidate CKD PSIs evaluated in this study is their use as triggers for screening large samples of hospital records for CKD-specific safety events. Although showing that predesignated renal-relevant events are more common in patients with impaired kidney function seems self-ordained, it points to the underdetection of such disease-pertinent events using current consensus-based ICD-9-derived safety indicators and their failure to identify an enriched patient group that is likely to have the highest incidence of CKD-specific safety events. It is worth noting that only a minority of hospitalizations with a safety event had both a CKD PSI and an AHRQ PSI, showing how use of a distinct set of PSIs is likely to broaden the set of individuals who are identified to experience adverse safety events.
As a retrospective analysis, the study results should be interpreted with limitations in mind. Miscoding of discharge diagnoses was possible in these hospitalizations; however, recording errors or bias are unlikely to be greater for the CKD versus AHRQ PSIs. Studies of the veterans and processes of care in the VHA health system may not generalize to the larger population. Our designation of CKD based on a single (rather than two or more) prehospitalization GFR findings of less than 60 ml/min per 1.73 m 2 was necessary given the variable frequency of renal function testing in an administrative dataset and the lack of serial renal function measures in a substantial portion of the study cohort. The modified MDRD equation to estimate GFR was used in this study, because it was the prevailing means of reporting renal function at the time of this study. We recognize that it is difficult to verify whether diseasespecific adverse events identified by the CKD PSIs resulted from delivery of care or were a consequence of disease progression. Excluding hospitalizations with the PSI ICD-9 codes in the primary position along with hospitalizations with predefined primary diagnoses preceding episodes of AKI and CHF strengthened the supposition that the CKD PSIs were related to an adverse safety event in the hospital, but it is dependent on the proper coding and sequencing of discharge diagnoses. We were unable to determine the accuracy of ICD-9 code-derived CKD PSIs without a gold standard for comparison. Indeed, clinical events included in the CKD PSIs relate to common clinical complications of CKD and have a likely association with adverse outcomes, which was previously shown for hypoglycemia and hyperkalemia (21, 22) ; however, the diverse array of CKD PSIs requires additional validation for their linkage to processes of care and adverse outcome. Finally, a revision of the AHRQ PSI coding protocol has been developed since our original determination of AHRQ PSI rates in the VHA; however, we used previously determined rates of AHRQ PSIs in this population as a point of reference to the candidate CKD PSIs (6) . Neither the version used for our analysis (version 3.0a, February of 2006) nor the most current version (version 4.4, March of 2012) provides PSIs that are specific to CKD patients.
Improving the wellbeing of patients with CKD is incomplete without understanding how harm from medical care contributes to adverse outcomes and whether such lapses in patient safety are preventable. CKD is unique in its collection of patient safety hazards, and tools should be developed to reduce these threats to patients' outcomes. This analysis is a necessary first step in the development of disease-specific PSIs with applicability to CKD. Future efforts will be needed to modify, refine, and validate the candidate PSIs proposed here, such as with the ongoing Safe Kidney Care study. Consensus initiatives are necessary to define appropriate safety metrics in CKD but will be facilitated by empirical analyses such as this analysis. The candidate CKD PSIs examined here have potential to serve as useful measures to gauge the extent of adverse safety events as they continue to occur in patients with CKD who require hospitalization.
